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1. PURPQBE.  This advisory circular (AC) contains the Federal Aviation
Administration (FAA) standards for Precision Approach Path Indicator (PAPI)

|sysdt.ems whi ch provide pilots with visual glideslope guidance during approach for
anding."

2. CANCELLATI ON. Advisory Gircular (AC) 150/53u5-28C, Specification for i-851
Visual Approach Sl ope Indicators, dated March 23, 1977, and AC 150/5340-25,

\ﬁsua!lAgproach Slope Indicator (vasi) Systens, dated September 24, 1976, are
cancel | ed.

3. APPLICATION. The standards contained herein are recomended by the FAA in
al| applications involving airport devel opnent of this nature. The standards
are an acceptable neans forconpliance with Federal Aviation Regulation (FAR)
Part 152 for projects funded under the Airport Inprovement Programor with FAR
Part 139 where such facilities may be required. \Were alternate neans are
proposed, it must be demonstrated that equivalent levels of performance, safety,
and for federally funded projects, equivalent cost effectiveness, are achieved.

4: METRC UNITS. To pronote an orderly transition to netric units, this ad-
visory circular” includes both English"and netric dinensions. The metric conver-
sions may not be exact equivalents and, until there is an offieal changeover to
the metric system the English dimensions will govern.

E-VBR_
LEONARD E. MUDD
Director, Ofice of Airport Standards
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FEDEi.~.. AVIATION ADM NI STRATI ON

STANDARDS FOR
PRECI S| ON_APPROACH PATH | NDI CATCR (PAPI1) SYSTEMS

CHAPTER 1 = EQUIPMENT SPECI FI CATI ONS

1. GENERAL. This chapter contains the equipment specification for precision
approach path indicator (PAPI) systens. '

2. CLASSI FI CATI ON.

a. Type.
(1) L-880 - Systemconsisting of 4 light units.

(2) L-881 = Systemconsisting of 2 light units.

b. Style.
(1) Style A = Voltage powered (nultiple circuit) systems:.
(2) Style B « Current powered (series circuit) systens.

c. O ass.

(1)Cl ass | - Systens which operate down to =359 C.

(2) Class Il = Systens which operate down to -55° C
d.  Options.

(1) Lanp bypass devices as specified in paragraph 6g.

(2) An isolation transformer consolidating harness for Style B systens as
specified in paragrapn 6f.

3. APPLI CABLE DOCUMENTS.  The fol |l owing docunents, of the issue in effect on the
date of application for qualification, formpart of this specification and are
applicable to the extent specified herein.

a. FAA Advisory Circul ars.

AC 150/5345-1  Approved Airport Lighting Equi pment

AC 150/5345-26 Specification for L-823 Plug and Receptacle, cable
Connect ors
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AC 150/5345-47 Isolation Transfornmers for Airport.Lighting Systens
AC 150/5345-49 Specification L-854, Radi 0‘ Control Equi prent
b. FAA Standards and Drawings.

FAA- STD- 020 Transi ent Protection, Gounding, Bonding, and Shielding
Drawing c-6046 Frangible Coupling, Type 1 and 1A, Details

c. Mlitary Specifications and Standards.

M L- C 7989 Covers, Light Transmitting, for Aeronautical Lights, Ceneral
Specification for

M L-C Z5050 Colors, Aeronautical Lights and Lighting Equi pment, Ceneral
Requirenents for

M L-STD-810  Environnental Test Methods and Engi neering Guidelines
MIL-STD-462 El ectromagnetic Test Methods

d. Illumnating Engineering Society (Igs) Transaction.

LM=-35 IES Approved Method for Photonetric Testing of Floodlights
Using Incandescent or Discharge Lanps

(FAA advi sory circulars may be obtained from the Department of Transportation,
Subsequent Distribution Unit, M494.3, Washington, D.C. 20590.)

(FAA  standards, specifications, and draw ngs may be obtained fromthe Federal
Aviation Adm nistration, Program Engineering and Mi ntenance Service, Washington,
D.C. 20591.)

(Mlitary publications may be obtained fromthe Commanding O ficer, Naval Supply
Depot, 5801 Tabor Avenue, Philadel phia, Pennsylvania 19120, Attention: Code CDS.)

(IES publications may be obtained fromthe Illumnating Engineering Society, 345 E
47th Street, New York, NY 10017.)

4, SYSTEM  DESCRI PTI ON. The PAP1 system consists of the follow ng conponents:

{;1. Four identical light units (Type L-880) or two identical light units (Type
L-881).

b. A power and control unit (PCU) (for style A systens only).

c. Amng and calibration equipment (nmay be integral to the light units).

5. ENVI RONMENTAL REQUI REMENTS.  The equi pnent shal | be designed for outdoor
installation and continuous operation under the follow ng environmental conditions:
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a. Tenperature. Any tenperature from -35° C (Cass | systens) or -559 C (Ciass
Il systems) +55° C.
b. Humdity. Any relative humdity up to 100 percent.

c. Sand and Dust. Exposure to wi ndborne sand and dust particles

d. Wnd-blown Rain. Exposure to wi nd-blown rain fromany direction

e. Wnd. Exposure to wind speeds up to 100 nph (161 km/nr) from any direction
f. Salt Spray. Exposure to a salt-laden atnosphere.
‘€. Sunshi ne. Exposure to sol ar radiation.

6. LIGHT UNITS.

a. Pnotometric Requirenents. Each light unit shall have at |east two |anps and
shal | provide a beamof light split horizontally to produce white light in the top
sector and red light in the bottomsector. \hen viewed by an observer at a distance
of 1000 feet (300 m), the transition from-red light to white l[ight shall occur
within an angle of 3 mnutes of arc at the beamcenter and within an angle of 5
mnutes of arc at the beamedges. A line drawn through the center of the transition
band at +10°, 0°,and =10 shall be straight to within 3 mnutes of arc. Figure 1

~ shows the [ight distribution and intensity in candellas required of each light unit.
; ‘ The light colors shall be'aviation white and aviation red as defined in ML-C 25050
Light transmtting covers shall conformto the requirements of ML-C 7989. The
| anps shall have a mninumrated |ife of 1000 hours in this application, and shal
achieve full intensity within 5 seconds after a cold start.

b. Light Unit Construction. Each light unit shall be designed so that dynamc
loaaing due to wnd, or static Ioadin? due to snow, wll not cause the light pattern
to be displaced. The'weight of each light unit shall not exceed 100 pounds (45 kg)
(unless the PCU is incorporated in the-light unit) and shall beno higher than 40
incnes (1m) when installed at the mninum mounting height.  The light unit shal
have an overhang or other means to inhibit rain or snow fromreaching the optica
| ens.

¢. Munting Provisions. The light units shall have a mnimum of three nounting
| egs which shall be adjustable to permt |eveling where one side of the unit is
installed up to 1inch (25 nm) higher or |ower than the opposite side: The |egs
shal | consist of mounting and adjusting hardware, 2-inch electrical netallic tubing
(EM) (furnished by the installer), frangible couplings conforming to FAA draw ng
C- 6046, and flanges suitable for nmounting on a concrete pad.. The adjusting hardware
shall be designed to prevent any displacement of the optical systemdue to vibra-
tion. Alternate nounting systens may be proposed where equivalent rigidity, frangi-
bility, and adjustability are provided.

d. Aimng. The light units shall be provided with integral adjustments to per-
mit accurate vertical positioning of the center of the |ight beam at any el evation
N between 2 and 8 degrees. The center of the light beamis defined as the transition
band between red and white light. An aiming device shall be provided that wll
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indicate the vertical angle of ti, |ight beamcenter within an accuracy of +3 mn-
utes of arc. The aimng device shall indicate mnutes of are, and snall have at

| east 1division every 10 mnutes. Alternatively, the units may be factory
calibrated to a fixed vertical angle (to an angle specified by-the purchaser) where
means are provided to permt field installation at the desired angle within an
accuracy of + 3 mnutes. The manufacturer shall provide a procedure to check the
calibration of the aimng systemin the field.

e. Tilt Switen. A tilt switch system shall beprovided which deenergizes all
the lamps in the systemwhen the optical pattern of one light unit is inadvertently
| owered between 1/4 and 172 degree or raised between 1/2 and 1 degree with respect
to the preset aimng angle. The tilt switch shall have a tinme delay of 10-30
seconds that will prevent intermttent tilt switch activation due to vibration. The
tilt switch shall have fail-safe operation so that any malfunction'of the tilt
switch, including loss of input power, shall deenergize the PAPI system

f. Leads. Al wiring shall be introduced into the light units through leads
fitted with factory nolded plugs. The length of the |eads shall be adequate to
extend fromthe unit through a flexible conduit to a frangible coupling at ground
level. Strain relief shall be provided to prevent pulling on the |ead from being
transmitted t0 its contiections in the light unit. Style B systens shall have O ass
A Style 1 or 6 plugs (specified in AC 150/5345-26), or equivalent, to mate with the
output lead of the isolation transformer. Aternately, a harness may be provided
for use in the transformer housing which will accept the output of several transfor-
mers .and conbine theminto a single receptacle which is placed just below the
frangible point. This receptacle is then mated with a plug fromthe light unit.
Style A systenms may use any plug with adequate capacity and el ectrical performnce
equivalent to that of an L-823 plug.

g. Shorting Device. A lanp bypass. device, which provides a short circuit
around a burned-out lanp, shall be offered as an option

7. POMER SUPPLY AND SYSTEM CONTRQL,

a. Style A Systems. The circuitry required to performthe functions described
in this paragraph may be enclosed in a separate power and control unit (PCU) or may
be incorporated in one of the |light boxes. |f incorporated in a |Iight box, the
wei ght of the conbined unit shall not exceed 150 pounds (68 kg).

(1) Voltage Regulation. The PAPI system may be designed to operate from
any standard utility single-phase alternating-current service voltage |ess than
600 volts. A circuit breaker shall be provided to permt deenergizing the input
power for field maintenance. The system shall be adjustable so that |anp socket
voltage may beheld within 3 percent of its design value on the brightest step when
the following conditions occur: (1)the input voltage deviates up to 10 percent
above or below its nomnal value, (2) the individual light units are spaced between
10 (3 m) and 30 feet (10 m) apart, and (3) the power supply is located fromO to 100
feet (30 m) fromthe nearest |ight unit.

(2) System Control. A photoelectric control shall be provided to switch
the systemto full intensity for day and reduced intensity at night. The day node
shal | beactivated when the illunmination on the photocell rises to 50-60 foot-
canales, and the night node shall beactivated wnen the illumnation drops to 25-35
footcandles. A time delay of u45-75 seconds shall be incorporated to prevent
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switching due to stray light or tenporary shadows. In case of failure of the pho- —
toelectric control circuitry, the systemshall revert to |low intensity. Two night
intensity settings, approximately 5 percent and 20" percent of full intensity, shal

be provided to allow the user to select either of the settings to accommodate |oca

site conditions of extraneous |ighting. A contactor or other means shall be pro-

vided to allow the systemto be turned on.and off froma renote |ocation, or by

means of a radio controller (specified in AC 150/5345-49). \Wen the systemis ini-
tially energized and the photocell detects daylight conditions, the low intensity

step shall be selected for 2 to 3 seconds' bhefore switching to the high intensity

st ep.

(3) Transient Suppression. For solid state equipment, transient
suppression shall be provided in accordance with FAA-STD-020, paragraph 3. T h e
transient suppression devices shall be capable of withstanding |ightning transient
consisting of a 10 x 20 mcrosecond current surge' of 15,000 anperes with the sub-
sequent power-follow current and a voltage surge of 10 kV/microsecond. The system
shal| also withstand wthout damage the repeated application of' an overvoltage tran-
sient on the input power lines equal to 500 volts peak for a duration of
50 mlliseconds.

(4) Lanp Protection. Failure of one or nore |anps shall not cause any
overvoltage or transients which will result in damage to the remaining |anps.

b. Style B Systens; These systens operate directly froma series lighting cir-
cuit having a current range of 2.8 to 6.6 anperes. -Lanps used- shall be conpatible
with one of the isolation transforner sizes as specified in AC 150/5345-47.
Conponents of the series lighting circuit will be supplied by others. T

6. GROUNDING Exposed noncurrent-carrying metal parts shall be grounded.
G ounding shall be continuous to at |east one nounting flange as described in 6e.

Y, EQUPMENT FINSH  The exterior ofall units shall be either a bright orange or
yellow to maxi m ze the conspicuity of the equipment.

10.  MATERIALS. Al parts and materials shall be suitable for the intended purpose
and shal |l be adequately protected against corrosion. The conponents shall have
adequate capacity and shall not be operated in excess of the conponent manufac-
turer's recomended rating. Any plastic conponents exposed to sunlight shall 'be

made of U V. stabilized material. Al fasteners shall be of corrosion resistant
material. 'Ferrous netals shall be galvanized or given other equal corrosion protec-
tion. Copper bearing hardware in contact Wi th alumnumshall be plated with cad-
mum nickel, or zinc.

11. MAINTENANCE. All system conponents shall be designed for ease of maintenance
and shall have a nean-tine-between-failures of at least six nonths (excluding
lanps.) If required, means shall be provided for refocusing the system after

rel anpi ng. The design of the systemshall be such that adjustnent and repairs can
be made with commercially available tools. Special tools, if required for ser-
vicing, shall be furnished by the manufacturer.

_ . e : Chap 1
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12. WORKMANSHIP. The equipmen: shall be fabricated in accordance with the
highest quality workmanship. Al wring shall beneatiy run and laced. Al sharp
edges and burrs shall be renoved. Painted surfaces shall be free fromruns,

bl otches, and scratches.

13.  INSTRUCTION WOK.  An instruction book containing the follow ng information
shall be furnished wth each system..

a. Conplete system schematic and‘wir-ing di agram showi ng all conponents
cross-indexed to the parts |ist.

b. Conplete parts list with applicable rating and characteristics of each-part
and with the conponent nmanufacturer’s nanme and part nunber.

c. Installation instructions, including ainmng, calibration of the aimng
system focusing, and adjustnent of the tilt switch.

d. Mintenance instructions, including relanping procedure, theory of operation
and trouble-shooting charts.

e. Qperating instructions.

14.  QUALI FI CATI ON REQUIKEMENTS. Procedures for obtaining qualification approval
are contained in AC 150/5345-1, Approved Airport Lighting Equipnent.  The foll ow ng
tests are required to denonstrate conpliance with the specification. The tests may
be run on the power supply and a single light unit, wth the other units simul ated
by a resistive |oad.

a. Visual Examination. The equipment will be exanined for conpliance with the
requirements on size, weight, materials, finish, and quality of workmanship.

b." Hgh Tenperature Test. A high tenperature test shall be conducted in accor-
dance with MiL-sTD-g10, method 501.2, Procedure Il.  The equipnent shall be sub-
jected toastable temperature of 4550 C (450 ¢) for a period of 4 hours after
temperature  stabilization. The system shal| be operated throughout the test. Any
deterioration in materials or pertormance will because for test failure.

c. Low Tenperature Test. A |ow tenperature test shall be conducted in accor-
dance wi th MIL-STD-810, Metnod 502.2, Procedure Il. The system shall be exposed to
a mnimmof -35° C (for Cass | systens) or -55° C (for Class || systens) for 24
hours.  The equi pment shall be operated at the beginning end end of the test. Any
deterioration in materials or performance will be cause for test failure.

d. Rain Test. A wind-blow rain test shall beconducted in accordance with
M L- STD- 810, Method 506.2, Procedure |. The rain shall beat a rate of 5.2
i nches/ hour (130 mm hour) with an exposure time of 30 mnutes per side. The system
shal | pe operated throughout the test. Any deterioration of system perfornance or
fexlc:lessive accumul ation of water in equipment cabinets shall because for test
ailure.

Chap 1
Par 12 7




AC 150/5345-28D 5/23/85

e. Salt-Fog Test. A salt-fog test shall be conducted in acordance with
M L- STD- 810, Method 50%.2, Procedure I. The test duration shall be 48 hours expo-
sure-and 48 hours dryimg. Any evidence of damage, rust, pitting, or corrosion
(except to sacrificial w«coatings) shall be cause for test failure.

f. Wind Loading. The manufacturer shall demonstrate by wind tunnel tests opr
static loading that the system will withstand the specified wind load from any
direction in azimuth without displacing the optical pattern more than allowed in the
rigidity test (subparagraph K).

g. Frangibility Tesst. The manufacturer shall demonstrate that the frangibility
of the mounting legs is equivalent to that of a 2-inch frangible coupling depicted
in FAA drawing C-6046.

h. Transient Suppression Test. For Style A systems with solid-state com-
ponents, the power input lines shall be tested for resistance to the lightning tran-
sient in accordance with method CS06 of MIL-STD-462, including Notices 1, 2, and 3,
All Style A systems shall be tested for resistance to the overvoltage transient
given in paragraph 7a(3). After the transients have been applied to the system, It
shall continue to supply specified voltage to the lamp sockets.

i. Photometric Tests. The manufacturer shall conduct a photometric test to
prove conformance with thie color, intensity, and beam pattern requirements of
paragraph 5, All lamps used for photometric testing shall be randomly selected from
a production lot (if available). A complete set of photometrics shall be run onone —
set of lamps. Intensity allong the horizontal and vertical axes shall be checked
for two additional sets of lamps to demonstrate repeatability. If refocusing is
required after lamp replacement, it snall be done according to the recommended pro-
cedure to demonstrate fthat the required photometriecs are produced. Before testing,
the test equipment shall be calibrated in accordance with IES Transaction LM-35.
The measurements must Ibe taken at a distance sufficient to allow full focusing of
the beam.

J. Lens Certification. The manufacturer shall provide a certification from
the lens manufacturer that the lenses meet the requirements of MIL-C-7989 and the
color requirements of MIL-C-25050.

k. Rigidity Test. A uniformly distributed load (sand or other suitable
material) of 15 psf (73 kg/m2) shall be applied over the entire top surface of the
light unit. Before applying the load, the unit shall be set up and the light
pattern displayed on a wertical surface 20 feet (6 m) from the front of the unit.
The top, bottom, and the sides of the beam pattern and any other characteristic
features shall be marked on the wall. A framework Or other method may be used to
ensure that the sand used t0 load the system does not spill over the sides. The
load shall then be applied by letting the sand pour down on the center of the light
unit. After loading the unit with the required amount of material, the beam pattern
shall be checked for displacement from the markings, and the load shall be left in
place for 5 hours. Upon removal of the load, the beam pattern shall again be
checked agai nst the original markings. Under all conditions, the beam pattern shall
remai n within +1/4 inch {6 mm) of the original markings.
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1. Anming Device Test. The-manufacturer Shall conduct a test of the aimng
device, using a procedure approved by the FAA to denonstrate that, when the |ight
unit is noved via the adjustment nmechani sm the measuring device registers the
change within the allowable tolerance. 'The measuring device shall be checked at one
degree intervals throughout the system s adjustnent-range.

m QOperational Test. The manufacturer shall conduct an operational test, using
a test procedure approved by the FAA," to denmonstrate' conpliance with all operating
requirements. The procedure shall test the tilt switch, the power supply perfor-
mance; photoelectric controller, and any other operational features. The system
shal | be operated with one lamp out per light unit to denonstrate that the proper
voltage is still applied at the sockets of the operational lanps. The manufacturer
shal | dermonstrate that failure of a lanp will not produce transients |arge enough to
damage the remaining |anps.

15. PRODUCTION TESTS.  The manufacturer shall submt for FAA approval a test proce-
dure to verify the [i1ght output and aimng device accuracy for each production

unit.. After FAA approval, these tests shall be used on all production units.

The visual exam nation in subparagraph 14a and the operational test in subparagraph
14m shal |l al so be perfornmed on each production system

Chap 1
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CHAPTER 2 « SITING AND | NSTALLATI ON STANDARDS

16.  SIGNAL PRESENTATION.. The precision approach path indicator (papI) is a system
of eifher Tour or two rdentical light units placed on the left of the runway in a
line perpendicular tothe centerline. The boxes are positioned and ained to produce
the signal presentation described bel ow.

a. Type L-880 System  Wien making an approach, the pilot Will:

(1) Wen on or close to the established approach path, see the two units
nearest the runway as redand the two units farthest fromthe runway as white; and

(2) Wen above the approach path, see the unit nearest the runway as red.
‘and the three units farthest fromthe runway as white; and when further above the

approach path see all the units as white; and

(3) Wen bel ow the approach path, see the three units nearest the runway as
red and the unit farthest fromthe runway as white; and when further below the

approach path see all units as red.

b.  Type L-881 System  When making an approach, the pilot will:

(1) When on or close to the established approach path, see the unit nearest
the runway as red and the other unit as'white; and

(2) Wen above the approach path, see both units as white; and

(3) When bel ow the approach path, see both units as red

-\ °~°°" oo
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a. Type L-880 system
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b. -Type L-881 system
Figure 1. PAP1 Signal Presentation
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17.  GENERAL SI TI NG CONSI DERATI ONS.  When viewed fromthe approach end, the pAPI
system shal | be located on the left side of the runway. In the event of siting
problems? such as conflicts with runways or taxiways, the PAP1 may be located on the
right side of the runway. The PAP1 nust be sited and ainmed so that it defines an
approacn path with adequate clearance over obstacles and a mninum threshold
crossing nheight. If the runway has an Instrument Landi ng System (ILsS) glide slope
al ready established, the PAPI Is installed as described in paragraph 18 so that the
visual glideslope will coincide (as much as possible) with the electronic one pro-
duced bythe ILS. If there is no |ILS on the runway, the PAPL glide slope is chosen
as aescribed in paragraph 19, Aimng of the light units is described in paragraph
20, Other siting tolerances and consi derations which are conmon to all -PAPI
installations are described in paragraph 21.

18.  SITING PAPI ON A KUNWAY W TH AN ILS GLIDE SLOPE. Wien siting PAPI on a runway
with an estaolished ILS glide slope, the PAPL visual approach path shoul d coincide,
as nuch as possible, with the one produced electronically by the ILS. To acconplish
this, the PAPI is placed at the same distance fromthe threshold as the virtual
source of the ILS glide slope within a tolerance of +30 feet (+10m. The PAPl is
ained at the same angle as the ILS glide slope. This procedure nust be nodified for
runways that serve aircraft in height group 4 (see table 1)due to the distance be-
tween the pilot's eye and the ILS antenna. For these |ocations, the distance of the
PAPL fromthe threshold shall equal the distance to the ILS glide slope source plus
an additional 300 feet +50, -0 (90 m +15,-0).

19. SITING PAPI ON A RU\VAY WTHOUT AN ILS GLIDE SLOPE.  Wen an ILS glide slope is
not present, the designer nust determine-a position and aimng for the PAPI which

will produce the required tnreshold crossing height and clearance over obstacles in

tne approach area.

a. Thresnold Crossing height (TcH), The TCHis the height of the | owest on-
course signal at a point directly abovethe intersection of the runway centerline
and the threshold.  The mininmum allowabl e TCH varies according to the height group
of aircraft tnat uses the runway, and is shown in table 1 The PAPl approach path
must provide the proper TCH forthe most demanding hei ght group that uses the run-
way.

b. Gide Patn Angle. The visual glide path angle is the center of the on-
course zone, ana iS normally 3 degrees when nmeasured fromthe horiiontal. For none
jet runways, tnis may beraised to 4 degrees if required to provide obstacle
cl earance. 1f used, the higner angle nust bespecified in a Notice to Airnen
(NOT&M) ana published in the Airport Facility Directory (see paragraph 24).

c. The P4PI Cbstacle Clearance Surface. The PAPl obstacle cl earance surface is
established to provide the pilot wth a mninum clearanceover obstacles during
approach. Tne PAPI must be positioned and aimed so that no obstacles penetrate this
surface.  The surface begins 300 feet (90 m) in front of the PAPI system (closer to
the threshold) and proceeds outward into the approach zone at an angle 1degree |ess
tnan the aimng angle of the third light unit fromthe runway (for an L-8801, or the
outside light unit (for an L-881). For an L-880 with a 3° glide path and 20 mi nutes
separation between light wunits, the third [ight unit fromthe runway woul d be ai nmed
at 29 50 elevation. The surface extends 10 degrees on either side of the runway
centerline extended, and extends 4 statute.miles fromits point of origin. The
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surface is shown graphically in figure 3. If a site survey determnes that there s~
an obstacl e’ which penetrates the obstacle ‘clearance surface, and cannot be removed,
then the glidepath angle nust be changed or the PAPI system moved further fromthe

t hreshol d. By noving or reaiming the PAPI, the designer must-reposition the papI °
obstacle clearance surface so it will not be penetrated by an obstacle.

Table 1. Visual threshold crossing heights
Vi sual
Representative Appr oxi mat e threshol d Remar ks
aircraft type cockpit-to- Crossing
wheel hei ght hei ght
Many runways |ess than
Hei ght group 1 40 feet 6,000 feet long with
o +5, -20 reduced W dths and/ or
General aviation 10 feet .restricted Wei ght bearin‘gﬁ
Smal | comuters or less 10 neters whi ch would normally pro
Corporate turbojets +2, -6 hibit | andings by |arger
aircraft.
Hei ght ‘group 2 45 feet
+5, -20 Regi onal airport with —~
F- 28, CV~-340/440/580 15 feet limted air carrier
B-737, DC-Y, DC-8 "12 neters service
+2, -6
deight group 3 50 feet Primry runways not
+5, =15 normal [y used by air=
B- 727/ 707/ 720/ 757 20 feet craft wth ILS glide-
15 neters pat h-to-wheel heights
+2, -6 exceeding 20 feet.
Hei ght group 4 75 feet
+5, '15
B-747/767, L-1011, Over 25 Most primary runways at
pc-10, A-300 f eet 22 neters maj or airports.
+2, -4
1 Chap 2
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20. ALM NG  After the visual glide path angle has been selected, the PAP1 units
are ained to define that path. ine standard aiming angles for Type L-880 and Type
L-g31 systems are shown in tables 2 and 3.

N

f

Table 2. Aimng of Type L-880 (4-box) PAPI-
relative to a preselected glide path.

Aimng Angle .(in mnutes of arc)

Li ght Unit

] Standar d
installation

Ht group 4 alrcraft+
on runway with IL$

Unit nearest runway
Next adjacent unit
Next adjacent unit

Next adjacent unit

30* above glide path
10* above ?Iide pat h
10' below gl i de path
30* below glide path

35" above glide path
15 above glide path
15t -bel ow gl i de path
35" below glide path

Table 3. Aiming of Type L-881 (2-box) PAP1
relative to a preselected glide path

Light Unit Aimng angl e (in minutes of arc)

Unit nearest runway 15" above glide path

Unit farthest from
runway

15! below glide path

£ 21. OTHER SITING DI MENSIONS AND TO LERANCES.
a. Distance from Runway Edge. The inboard light unit shall be no closer than
50 feet, +10, -0 (15 m, +3, -0) fromthe runway edge Or to other runways or
taxi ways. This distance may be reduced to 30 feet (10 m) for small general aviation

runways used by nonjet aircraft.

b. Separation Between Light Units. The PAP1 units shall have a l|ateral
separation of between 20 and 30 feet (6 to 9 m) for an L-880 system and 10 to 20
feet (3to 6 m) for an L-881 system The IarPer separation is reconmended for the
L-881 because it increases the usable range of the system For the L-880, the
di stance between boxes shall not vary by more than 1 foot (0.3 m).

c. Azinuthal Aimng. Each light unit shall be ainmed outward into the approach
zone on a line parallel to the runway centerline within a tolerance of +1/2 degree.

- d. Munting Height Tolerances. The beamcenters of all light units shall be
within +1inch of a horizontal plane. This horizontal plane shall be within_+1 foot
(0.3 m) of the elevation of the runway centerline at the intercept point of the
visual glidepath with the runway (except for the condition in subparagraph g bel ow).

~w« Tolerance Alon
unit in a bar shall be
within +6 inches.

Line Perpendicular to Runway. The front face of each |ight
ocated on a Tine perpendicular to the runway centerline
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TCH

- v £ R l Reference
T /[ ’ d \Tf Plane

D1

'l”RRR\  RRP~\ : ) T \ Ref erence
e | | 4—74\
_:.‘Z —RwWY T Plane

b. Siting station displaced fran threshold.

Symbol s D1 = ideal (zero gradient) distance from threshold
RWY = runway | ongitudinal gradient
TCH = threshold crossing height
T = threshold
e = elevation difference between threshold and RRP
RRP = runway reference point (where ainmng angle or
vi sual approach path intersects runway profile)
d = adjusted distance from threshold
@ = aimng angle

Figure 4. Correction for runway |ongitudinal gradient
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f.  Correction for Runway Longitudinal Gadient. On runways where there is a
difference in elevation between the runway threshold and the runway el evation at the,
PAPi, the location of the light units may need to beadjusted with respect to the
threshold in order to nmeet the required obstacle cl earance and TCH  \Were such a
condition exists, the followi ng steps (shown in figure 4) are taken to conpute the
change in the distance fromthe threshold required to preserve the proper geonetry.

~ (1) otain the runway |ongitudinal gradient. This can bedone by survey
or obtained from"as-built" drawi ngs or airport obstruction charts.

{2) Determne the ideal (zero gradient) distance fromthe threshold in
accordance with the instructions above.

(3) Assune a level reference plane atthe runway threshold el evation.

Plot the location determined in (2) above.

(4) Plot the runway longitudina gradi ent (RWY).
(5) Project the visualglide path angle to its intersection with the run-
way |ongitudinal gradient (RWY). Then solve for the adjusted distance from
threshol d (dinension d on figure 4) either mathenatically or graphically.

{(6) Doubl e-check to see that the calculated |ocation gives the desired
threshold crossing height

g. QOher Siting Considerations.

(1) Where the terrain drops off rapidly near the approach threshold and
severe turbulence is experienced, the PAPI should be located farther from the
threshold to keep the aircraft at the maxi num possible threshold crossing height.

~ (2) On short runways, the PAP1 should be as near the threshold as possible
to provide tae maxi num anount of runway for braking after |anding.

(3) At locations where snow islikely to obscure the |ight beams, the
light units may be installed so the top 'of the unit is a maximumof 6 feet (2 m)
above ground level. This may require locating the light units farther fromthe run-
way edge to ensure adequate clearance for the nost critical aircraft. Since raising
the light units also raises the threshold crossing height for the visual glide path,
the lights may al so have to be relocated closer to the threshold to remain mnthln
specified tol erances.

22. PONER AND CONTROL DESIGN.

a. Feeder' (Crcuit. The PAPI may bespecified to operate from a standard
utility voltage (Style A) or froma constant current power supply (Style B). Tne
cable for the feeder circuit should be FAA Type L-824 (specified in AC 150/53u45-7,
Specification for L-824 Underground Electrical Cable for Airport Lighting Crcuits,
current edition) or equivalent, rated for 600 volts, and sized to deliver the rateq
voltage and current. Ligntning arresters for power and control lines should bepro-
vided as requirea (the output lines for the L-828 regulator used for Style B systens
nave integral lightning protection). Fuses and circuit breakers should be in
accoraance W th the equi pment ratings.
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(1) Style A Systens.

(1) Input Vol t age. PAPl1 systens may be designed to operate from any
standard utility voltage at the manufacturer's choice. The designer should att enpt
to obtain a papi which will operate fromthe service voltage available, to avoid a
separate transforner to derive the operating voltage required by the PAPI. The ~
designer should determne whether there'is a substantial variation in the utility
line voltage throughout the course of the day or week. If there is, some sort of
vol tage regul ati on should be provided to ensure that the PAP1 provides specified
brightness without shortening lanp life due to overvoltage. The cable used to
distribute power to the individual light units should 'be sized so that the.voltage
drop does not exceed the conpensation capabilities built into the PAPI.

(ii) Location of the Power and Control Unit (PCU). The PCU is the
assembly which receives the input power. Depending on the PAP1 design/it may bea
relatively heavy device, and should therefore be located as far fromthe runway as
possible to present the m ninum possible obstruction to aircraft. If the-PCU Is
incorporated in one of .the light boxes, that boxshould be the one placed farthest
from the runway. If the PCUis a separate unit, it should be nounted at the mninum
possi bl e height, and either |located outside the runway safety area (if possible), or
frangibly nmounted.  The runway safety area is defined in AC 150/5300-4, Uility
Airports = Air Access to National Transportation, or AC 150/5300-12, Airport Design
Standards = Transport Airports (current editions).

(2) Style B Systems. PAPl systems which operate froma constant current >
source must interact wth several pieces of FAA-specified equipnent. The power
source is an L-828 constant current regulator (specified in AC 150/5345=10) with an
output current of 6.6 anps. The regulator will automatically conpensate for a +10
percent deviation from nomnal voltage, and may be ordered with three or five
brightness steps. The five-step regulator is recommended, since tests have shown
that the |owest brightness step on a three-step regulator may still be too bright
for rural applications. The output circuit of the regulator excites the primry
circuit of several L-830 transforners (specified in AC 150/5345-47), sized t0 handl e
the |oad provided bythe PAPI |anps.

b. Wring the Light Boxes. For Style A systems, the cable used to deliver the
power to.the individual boxes mustbe |arge enough to mininmze voltage drop. All
PAP1 |ight boxes have a tilt switch, and provision for grounding. Al wring which
enters the PAP1 hoxnust be through plugs and receptacles which will separate if the
box is struck by an aircraft. The receptacles are |ocated and held at the frangible
point on the breakable couplings. A length of flexible watertight conduit conveys
the wire between the breakable coupling and the PAPI box. The flexible conduit is
required so that the PAPI boxmay be ained. Al underground connections should be
made with either splices or plugs and receptacles intended for that purpose.

c. Brightness Control.

(1) Voltage Systenms. The S%I e A systemis equipped with a photocell
for automatic control of brightness, ich will choose between a day and night
intensity setting. There are two night intensity setti ngs, and the PAP1 may be
configured to deliver either intensity when the night mode is selected.
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(2 Style B Systems. Tae brightness of the Style B systemis controlled
by the L-828 regul ator which energizes the circuit. It iS recommended that the PAPI
not bepowered from an edge light circuit, since this means. that the edge lights
must beleft on at full intensity during the day. Rather, the PAP1 shoul d be
powered by a dedicatea regulator , with the brightness controlled manually or by a
photocell. The photocell is configured to reduce the regulator 'brightness setting
.to a lower value when the anbient lighting decreases to 25-35 footcandl es. The pho-
toelectric control shall switch the regulator back to full intensity when the
anbient lighting reaches 50-60 footcandl es: The photoelectric control shall have a
tine delay of at |east 30 seconds to prevent false switching dueto stray |ight or
tenporary shadows. ‘

d. Munual Control. The PAPI may be turned on and off by a number of different
methods. For Style A systems, a contactor is provided in the PCU to allow the
systemto beturned on and off via control level signals. For Style B systens, the
PAP1 is turned on and off bythe regulator control circuitry. The renote control
which activates these systens may be located in the control tower, flight service
station, or other attended facility. Aternatively, the control lines may beacti-
vated by the output of an L-854 radio control receiver (specified in
AC 150/5345-49), The L-854 allowsthe PAP1 to be turned on by a pilot on approach,
or by a ground control station.

e. Qher Control Configurations.

(1) PAPIs On Both Runway Ends. It is desirable to be able to control
PAPIs independently for each'runway end. Energy may be conserved by turning on only
the PAPI which serves the active runway end, and turning off both systems when the
runway s inactive.

(2) Interlock Relay. During hours of darkness, it is desirable that the
PAPI beon only when the runway lights. are on. To provide this feature, an
interlock relay can be installed in series with the night intensity contacts on the
photocel | controller. The contacts are normally open but are closed, by photocell
action, during hours of darkness. The normally open contacts of the interlock relay
are closed only when the relay senses current in the runway circuit. This con-
figuration prevents energizing the PAPI during hours of darkness unless the runway
lights are on. It will not affect daytine operation of the PAPI.

(3)Lanp Bypass. Lanp bypass devices, which are an optional feature, are
recomrended for those Style B PAPis that are powered by resonant-type constant

current regulators. These 'regulators, will increase the output current as the nunber
of isolation transformers with open secondaries (caused by burned-out |anps)
increases. The increase in current will cause nmore lanp failures, which will

inturn further increase the current. This situation is particularly critical when
the connected load is small conpared to the regulator rating (less than 50 percent).
The | anp bypass device will prevent this effect by shorting the secondary of the
isolating transforner.
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53, INSTALLATION  DETAILS. s

a. Foundations. Foundations for mounting |ight boxes shall be nade of ‘
concrete, and designed to prevent frost heave or other displacement. The foundation-
should extend at least 12 inches (03m) below the frost line. A colum nmay be pro- >
vided under each mounting leg for attachment of the mounting flanges, or a pad wth
appropriate reinforeing may be used. The pad or surface stabilization should extend
at least 1 foot (0.3 m) beyond the light boxesto mninize damage from mowers, and z
shoul d not be nore than 1 inch (25 mm) abovegrade. Al |ight boxes shall be
frangi bly nmounted to the foundation. For Style B systems, a transformer housing nmay
be installed in the pad bel ow grade to provide a convenient protected |ocation for-
the isolation transformer. The transformer housing al so provides a good place for
the splices or plugs used in the Style A system

b. Extraneous Lighting. Since the effectiveness of the PAP1 systemis depend-
ent upon seeing g definite red and/or white signal fromthe light units only, care
shoul d be taken to assure that no other lights are |ocated close enough to the'
systemto interfere with the signal presentation to the pilot.

c. Electrical. The installation should conformto the applicable sections of
the National Electrical Code and |ocal'codes. Al electrical connections to the'
light unit shall bemadevia plugs and receptacles to allow the unit to pull free in
the event it is struck byan aircraft. Any extra-control circuitry should be housed
in an enclosure to protect it fromthe environment. Al underground &bl e shoul d be
installed in accordance witn item L-108 of AC 150/5370-10, Standards for Specifying
Construction of Airports, current edition. Any underground connections should be —
made via splices or appropriately rated plugs.

24. COMMISS1ONING NOTI CE TO Al RVEN(NOTAM). The Flight Service Station (FSS) which
has jurisdiction over the airport where the PAPL1 is installed should be notified
when the system is ready to becommissioned. The FSS should be 'requested to issue a
commissioning NOTAM, and to forward copies of this NoTaM to the National Flight Data
Center (4T0-250), the local Air Traffic Control Tower, tne Air Route Traffic Control
Center, and the FAA Hegional Ofice. This will ensure that the new PaPI system wil|
beincluded in the Airport Facility Directory. The followng items should be
reported to the FSS.

a. Airport nanme and |ocation.

b. Runway nunber and |ocation of PAPl (left or right side of runway).
c. Type of PAPl (4 box or 2 box).

d. Glide sl ope angl e.

e. Threshold crossing height.

f.  Date of commissioning. »
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